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through 4670-meter-decp water. The vertical line array (VLA) was suspended from the
underside of the research platform FLIP. It spanned the depths from 400 meters to 1300
meters during the 24-hour Swallow float data recording period. Both the ocean bottom
scismometer and the R/P FLIP, which was constraincd by a three-point mooring, were
located at the approximate center of the triangle formed by the bottom-tethered Swallow
floats.

~7™_ This report presents the instrumcnt deployment locations and times, the positions
and characteristics of known signal sources, environmental data such as expcndable
bathythermograph (XBT), conductivity-tcmperature-depth (CTD), and anemomelter
measurements as well as basic weather obscrvations, and representative Swallow float,
OBS, and VLA data. The Swallow float data include battery voltage, compass heading,
and automatic gain control (AGC) measurcments, the 8 kHz acoustic localization ping
arrivals, and the infrasonic watcr particle velocity data. All 12 Swallow floats operated
flawlessly, except for float 1's 8 kHz localization hydrophone which was destroyed dur-
ing deployment, resulting in a 99.5 % full data set. The OBS geophone and hydrophone
data and the VLA hydrophone channel data have first been resampled to 50 Hz, the Swal-
low float sampling frequency, so that quantitative comparisons can be made between the

data s/e:)

~~A number of interesting fcatures can be seen in a preliminary look at these data.
First7the Swallow floats were clearly able to hear the 11, 16, 21, and 22 Hz tones gen-
erated by the HLF 3 source deployced at long range from the sensors. The vertical line
array also appeared (o hear the 16 Hz and 22 Hz tones, although a 22 Hz line occurred in
many of the spectra during timcs when the HLF 3 was transmitting 16 Hz, and a 16 Hz
line occurred when the source was transmitting 22 Hz. The origin of these contaminating
lines, including an additional line at 20 Hz, is unknown. The array apparently did not
detect the 11 Hz tone. The ocean boltom seismomcter could hear ncither the 11 Hz or
the 22 Hz tones. Second, both of the 60-1b explosive charges which were detonated on
-~ the ‘ocean boltom during the Swallow float recording period generated identifiable
« . . amivals in the Swallow float data. The sccond charge, which was belicved to have failed,
'® . actually partially detonated; its arrivals were much smaller in amplitude. Long-duration
oscillatory signals following the detonation of the first 60-1b charge were recorded by the
vertical geophone components on two of the bottom-tethered Swallow floats. These sig-
nals have been identified as the water-bomne expression of the sediment-waveguide-
trapped Scholte waves. Third, a scismic profiler was operating during much of the exper-
iment. From an examination of the Swallow float data, it was located either due north or
due south of the experiment site. Its signals caused an increase of up to 10 dB in the
background noise levels between 6 and 16 Hz (and above 20 Hz) in both the Swallow
float and the VLA spectra. The profiler signals were not detected in the OBS data.
Fourth, a lump of spectral energy centered about 18 Hz, previously identified in the VLA
data as strum contamination, is also present in the Swallow float and the OBS spectra. It
appears to be the result of 0.5-to-1.0-second-duration “clicks” wnich occur every 24 to 30
seconds in the Swallow float time serics. These signals have properties identical to those
associated with finback whale noises. Fifth, an arrival in the Swallow float time serics
has tentatively been identified as the arrival of the T phase {from a magnitude 4.7 earth-
quake in the Fox Islands in the Aleutian Island chain. The T phase has also been

detected in VLA data which arc not presented in this report.

Although the OBS hydrophone data appcar contaminated by broadband noisc of
non-acoustic nature, the OBS geophone data are high in quality. The horizontal-
component data are much more self consistent and Iess variable in time than those from
the April, May, 1987 deployment at DSDP 469. A comparison of these OBS geophone
data with concurrently-recorded Swallow float data show main features in common with
a comparison of recently-collected Swallow float data from an infrasonic hydrophone
data and from an externally-mountcd geophonc resting on the ocean sediment. The com-
parison of the vertical linc array data with the Swallow float data shows that, by carcful
data sclection, the elfects of flow and strum contamination in the VLA data can be iso-
lated to frequencies below 10 Hz.
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Freely Drifting Swallow Float Array: September 1987 Trip Report

G.L.D'Spain, W. S. Hodgkiss, and G. L. Edmonds

Marine Physical Laboratory
Scripps Institution of Oceanography
San Diego, CA 92152

ABSTRACT

Representative data collected during the 17-18 September, 1987 deployment of the
Swallow floats are presented in this report. These data include those collected by the
Marine Physical Laboratory’s (MPL) sct of 12 Swallow floats, as well as data recorded
by twe other concurrently-deployed scnsor systems; an ocean bottom seismometer
operated by Dr. L. Dorman’s group at Scripps Institution of Oceanography and MPL’s
900-meter-long, 120-channel, vertical line array. The deployment location, 35.0° N,
126.0° W, was about 410 km southwest of Monterey, California. The nine midwater
Swallow floats were ballasted for depths starting at 400 meters and spaced every 300
meters, to 2800 meters. They were put into the water at about the geometric center of a
triangle, whose sides were approximatcly 6.5 km in length, formed by the three remain-
ing floats which were tethered to the ocean bottom by 4.57-meter lines. The ocean bot-
tom seismometer (OBS) was deployed by free-fall from the rescarch vessel Sproul
through 4670-meter-decp water. The vertical line array (VLA) was suspended from the
underside of the research platform FLIP. It spanned the depths from 400 meters to 1300
meters during the 24-hour Swallow fioat data recording period. Both the ocean bottom
seismometer and the R/P FLIP, which was constrained by a three-point mooring, were
located at the approximate center of the triangle formed by the bottom-tethered Swallow
floats.

This report presents the instrument deployment locations and times, the positions
and characteristics of known signal sources, environmental data such as expendable
bathythermograph (XBT), conductivity-tcmperature-depth (CTD), and anemometer
measurements as well as basic weather obscrvations, and representative Swallow float,
OBS, and VLA data. The Swallow float data include battery voltage, compass heading,
and automatic gain control (AGC) measurements, the 8 kHz acoustic localization ping
arrivals, and the infrasonic water particle velocity data. All 12 Swallow flo.... o erated
flawlessly, except for float 1's 8 kHz localization hydrophone which was destr > lur-
ing deployment, resulting in a 99.5 % full data set. The OBS geophone and hy. _.hone
data and the VLA hydrophone channel data have first been resampled to 50 Hz, the Swal-
low float sampling frequency, so that quantitative comparisons can be made between the
data sets.

A number of interesting fcatures can be seen in a preliminary look at these data.
First, the Swallow floats were clearly able to hear the 11, 16, 21, and 22 Hz tones gen-
erated by the HLF 3 source deployed at long range from the sensors. The vertical line
array also appeared to hear the 16 Hz and 22 Hz tones, although a 22 Hz line occurred in
many of the spectra during times when the HLF 3 was transmitting 16 Hz, and a 16 Hz
line occurred when the sourcc was transmitting 22 Hz. The origin of these contaminating
lines, including an additional line at 20 Hz, is unknown. Thc array apparently did not
detect the 11 Hz tone. The occan bottom scismomcter could hear neither the 11 Hz or
the 22 Hz tones. Second, both of the 60-1b explosive charges which were detonated on




the ocean bottom during the Swallow float recording period generated identifiable
arrivals in the Swallow float data. The second charge, which was believed to have failed,
actually partially detonated; its arrivals were much smaller in amplitude. Long-duration
oscillatory signals following the detonation of the first 60-1b charge were recorded by the
vertical geophone components on two of the bottom-tethered Swallow floats. These sig-
nals have been identified as the water-borne expression of the sediment-waveguide-
trapped Scholte waves. Third, a seismic profiler was operating during much of the exper-
iment. From an examination of the Swallow float data, it was located either due north or
due south of the experiment site. Its signals caused an increase of up to 10 dB in the
background noise levels between 6 and 16 Hz (and above 20 Hz) in both the Swallow
float and the VLA spectra. The profiler signals were not detected in the OBS data.
Fourth, a lump of spectral energy centered about 18 Hz, previously identified in the VLA
data as strum contamination, is also present in the Swallow float and the OBS spectra. It
appears to be the result of 0.5-t0-1.0-second-duration "clicks" which occur every 24 to 30
seconds in the Swallow float time series. These signals have properties identical to those
associated with finback whale noises. Fifth, an arrival in the Swallow float time series
has tentatively been identified as the arrival of the T phase from a magnitude 4.7 earth-
quake in the Fox Islands in the Aleutian Island chain. The T phase has also been
detected in VLA data which are not presented in this report.

Although the OBS hydrophone data appear contaminated by broadband noise of
non-acoustic nature, the OBS geophone data are h'gh in quality. The horizontal-
component data are much more self consistent and less variable in time than those from
the April, May, 1987 deployment at DSDP 469. A comparison of these OBS geophone
data with concurrently-recorded Swallow float data show main features in common with
a comparison of recently-collected Swallow float data from an infrasonic hydrophone
data and from an externally-mounted geophone resting on the ocean sediment. The com-
parison of the vertical linc array data with the Swallow float data shows that, by careful
data selection, the effects of flow and strum contamination in the VLA data can be iso-
lated 10 frequencies below 10 Hz,
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Introduction

This trip report presents representative data collected during the 17-18 September, 1987 deployment
of the Marine Physical Laboratory’s Swallow floats at 35.0° N, 126.0° W, about 410 km southwest of
Monterey, California. The Swallow float deployment was part of a larger experiment involving the deploy-
ment, at the same location, of the Marine Physical Laboratory’s 900-meier-long hydrophone array,
suspended in the vertical direction from FLIP. The larger experiment is described in reference [1]; this
report will be restricted to those data collected concurrently with the Swallow floats on 17-18 September.
These data include the very low frequency (VLF) geophone data collected by the Swallow floats, low fre-
quency (LF) hydrophone data recorded by the 120-element vertical line array (VLA) from FLIP, and both
geophone and hydrophone data collected by an ocean bottom seismometer (OBS). A second OBS which
was deployed did not provide useable data. Also concurrently deployed were four air-launched sonobuoys
whose data were apparently not properly recorded. However, it was reported by personnel involved in
real-time monitoring of the analog sonobuoy data that the sonobuoys heard the HLF 3 source deployed
from the De Steiger (re Section lic).

The 12 Swallow floats, which have been under development at the Marine Physical Laboratory, are
neutrally buoyant, independently drifting, very low frequency (1-20 Hz), acoustic particle velocity sensors.
They each contain within a 0.432 m diameter glass shell three orthogonally-oriented geophones for
measuring infrasonic particle velocity, a magnetic compass, and the necessary hardware to record up to 25
hours of data. They also contain an 8 kHz acoustic localization system {2,3,4,5). Figure 1 is a schematic
drawing of a typical midwater float. In this experiment, twelve Swallow floats were deployed; nine were
freely drifting in the water column and three were tethered to the ocean bottom by 4.57-meter lines. The
nine mid-water floats were deployed in a quasi vcrtical line array geometry with a vertical float separation
of about 300 m, starting at about 400 m depth to about 2800 m. The three bottom-tethered floats were posi-
tioned at the comers of a triangle with sides of length about 6.5 km. Except for a non-functioning 8 kHz
localization hydrophone on float 1, all twelve floats operated flawlessly during the experiment.

Note that all times listed in this report are in local Pacific Daylight Time. To obtain Greenwich
Mean Time, add 7 hours to the local time.




I. Deployment Geometry and Times

a) Swallow Float Deployment and Retricval

Figure 1.1 shows the NAVSAT position fixes of the R/V R. G. Sproul at those times when each of the
Swallow floats were deployed and at those times when they were recovered. Both the deployment and
retrieval times and the NAVSAT position fixes are listed in the Swallow float log summary in Section III.
The three bottom-mounted floats, floats 9, 10 (indicated by the hexadecimal "A"), and 11 (indicated by
"B"), formed a triangular array so that stable absolute position fixes could be obtained for the midwater-
column buoys. The remaining nine midwater-column floats, which were ballasted for a depth spacing of
about 300 m, starting at 400 m and extending to 2800 m, were deployed in the approximate center of the
triangular array. The retrieval positions are all located to the east and southeast of the deployment posi-
tions.

Indicated on the figure just to the west of the mid-water float deployment positions is the position of
the moored FLoating Instrument Platform (FLIP). This position fix was calculated from the range and
bearing from FLIP (300 m and 145°) of the R/V Sproul at the time of the deployment of mid-water Swal-
low float 8. It was used instead of the Loran-C position fix or the GPS position fixes of FLIP since offsets
exist between these navigation methods. The problem of consistency in the position fixes from the various
navigation techniques used in the experiment is discussed in Appendix 4 and in part ¢ below.

The Swallow fioats were synchronously started and began recording data at 17:55, 17 September, but
the majority of the midwater floats did not equilibrate at depth until after record 600, or about 01:30, 18
September. They recorded data until approximately record 1950, or 18:00, 18 September.

b) OBS Deployment

Also indicated on Figure 1.1 using the letter "J" is the NAVSAT position fix of the Sproul during the
deployment of the single properly operating ocean bottom seismometer, OBS Judy (capsule #8). The other
OBS which was deployed, OBS Janice (capsule #9), did not provide any useable data. (For the actual posi-
tion fixes and the times of deployment, refer to the Swallow float log summary in Section III). Note that at
the time of OBS Judy's deployment, the range and bearing from R/P FLIP of the R/V Sproul was 1.090 km
and 154°; therefore, the relationship between the positions of OBS Judy and FLIP in the figure is not quite
correct.

The OBSs were deployed by free-fall through the water column from the R/V Sproul. OBS Judy
was programmed to record 3 minutes of data every half hour on the half-hour mark. Its internal tape capa-
city was sufficient to record up to a total of six hours of data. The following table lists the starting times for
the OBS events which were written while the Swallow floats were recording data.

OBS Judy (#8) Data Recording Times Sept, 1987
(Times are in local Pacific Daylight Time; add 7 hours to get GMT).

Event Date Time (hr:min:scc) Duration of Swallow Float

of First Sample Event (sec) Record Number
901 9-18 14:59:57.504 179 1687
902 9-18 15:29:57.504 179 1727
903 9-18 15:59:57.505 179 1767
904 9-18 16:29:57.505 179 1807

905 9-18 18:29:57.506 179 1967
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| 906  9-18 18:59:57.506 179 2007 |

During each 3-minute data-collection period (actually 179 sec), the OBSs sample at a 128-Hz rate.
In order to make a quantitative comparison between the OBS and the Swallow float data, the OBS data
were resampled to the 50-Hz sampling rate of the Swallow floats. This process is described in reference
[14). The effective bandwidth of the ocean bottom seismometers is from 0.1-30 Hz compared to an effec-
tive bandwidth for the Swallow floats of around 0.5 Hz to 20 Hz. For additional information on the OBSs,
see reference [6].

¢) R/P FLIP Vertical Line Array Deployment

As mentioned in the Introduction, the deployment of the Marine Physical Laboratory’s 900-meter-
long vertical line array (VLA) from FLIP was part of a larger experiment which is described in reference
[1]. The VLA was first deployed on 10 Sepltember, 1987 and it subsequently recordcd 19 days of almost
continuous data. At that time, it was the longest vertical line array deployed to date. It is a 12-bit digital
array composed of 12 sections with 10 hydrophone channels in each section for a total of 120 channels.
The channels are equally spaced at 7.5-meter intcrvals, resulting in a frequency of 100 Hz for the half-
wavelength criterion. During the time in which the Swallow floats were deployed, the array spanned the
depths from about 400 meters to 1300 meters. The array was constrained 10 remain almost perfectly verti-
cal [8] by a 420 kg weight attached to its lower end [7]. The pass band of the hydrophone channels was
from 10 Hz, due to the low-frequency roll-off caused by a single high-pass resistor-capacitor circuit formed
partially by the hydrophones’ equivalent capacitance, to 250 Hz. The data sampling rate was 500 Hz. Each
array section also contained two 12 kHz navigation channels so that the array position and shape could be
determined with the help of a three-clement, bottom-mounted, transponder network. Additional informa-
tion on the VLA can be obtained from reference [7].

Figure 1.2 shows the FLIP position fixes obtained by Loran-C, NAVSAT, and GPS navigation
methods. Since FLIP was constrained by a three-point mooring to a maximum horizontal displacement
from a reference position of about 150 meters [8], the variations in position fixes shown in this figure are
due to inconsistencies in the navigation methods. A further comparison between these navigation methods
is presented in Appendix 4.

The VLA recorded data almost continuously during the deployment of the Swallow floats. (It
stopped recording data for a short period due to overloading caused by the detonation of the first 60-Ib
explosive charge deployed by the OBS group). Only a very small portion of these data are examined in
this report. Five 9-minute blocks of data (4220 buffers), from all 120 channels were extracted and then
desampled to 50 Hz. The following 1able lists the time of the first sample in each block of data.

Recording Times for Desampled VLA Data Sept, 1987

(Times are in local Pacific Daylight Time; add 7 hours to get GMT).

Data Tape Date Time (hr:min:sec) Swallow Float Comments
Number of First Sample Record
433 9-18 07:45:15 1107 16 Hz line from De Steiger
440 9-18 10:46:00 1348 22 Hz linc from De Steiger
442 9-18 11:55:00 1440 quiet but for R/V Sproul
447 9-18 13:50:00 1593 11 Hz line from De Steiger

453 9-18 16:26:00 1801 recording time of OBS event #904




d) Deployment Depths

The simultancous deployment of the Swallow floats, the ocean bottom seismometer, and the 900-
meter vertical line array provide a unique ambient noise data set. An initial comparison between these
three sets of data is given in this report. Figure 1.3 illustrates the coverage with respect to depth of these
three sensor systems. The circles represent the approximate depths of the 12 Swallow floats (the exact
depths can be gotten from the 8 kHz localization data in Section VII), the diamond represents OBS Judy,
and the vertical line array is indicated by the line extending from 400 m to 1300 m. The dashed line at
4600 m represents the ocean bottom depth at the study site. Superimposed on this figure is an average
sound speed profile for the area of the experiment obtained from historical temperature and salinity meas-
urements archived by the National Oceanographic Data Center [9] and an equation relating temperature,
salinity, and depth 10 sound speed [10]. The average sound speed profile has been linearly extended from
4000 m to 4500 m.




II. Sound Sources

a) R/V Sproul Ship Tracks

To cormrectly interpret the received signals on the Swallow floats, the VLA, and the ocean bottom
seismometer, the NAVSAT position fixes of the Sproul were written intermittently into the scientific log
book. The positions of the ship during the period from 15:00, 17 September (as the ship approached FLIP
from the east) 10 20:12, 19 September (as the Sproul prepared to leave for port after recovering all instru-
ments) are plotted in Figure I1.1. Each "+" in the figure indicates a log book entry. The entries were made
at irregular time intervals and therefore ship speed information cannot be obtained directly from this plot.
The tortuous track of the ship can be easily unraveled by plotting the positions for shorter time intervals.
For example, plotted in Figure I1.2 are the ship positions during the period when the midwater Swallow
floats were recording data in the water column; from 19:00, 17 September to 19:00, 18 September.

In order to estimate the frequency of some of the possible narrow band signals generaied by the R/V
Sproul, the following information was obtaincd from the ship’s engineer. Ata 9 knot speed, the ship’s two
engines rotate at 1800 rpm. At this speed, then, the diesel shaft rate is 30 Hz. The reduction gear ratio is
5.17-to-one; the corresponding shaft rate is 5.8 Hz. Since the ship has four fixed blades on each of its two
props, the blade rate is 23.2 Hz at this speed. An approximately linear relationship exists between engine
rpm and ship speed when both screws are engaged. Measurements of the acoustic signature of the R/V
Sproul are presented in reference [5).

b) Explosive Charges

Five explosive charges of about 60 Ibs each were deployed on the ocean bottom by Prof. Dorman’s
group in order to study Scholtc wave propagation in the sediment waveguide. The positions of the five
charges and OBS Judy relative to FLIP are plotied in Figure I1.3. In this figure, the reference triangle
formed by the bottom-mounted Swallow floats was determined by NAVSAT, the position of R/P FLIP was
calculated by the NAVSAT location of the Sproul and the range and bearing of the Sproul from FLIP when
midwater Swallow float 8 was deploycd, and the OBS and explosive charge locations are referenced to the
FLIP position using the range and bearing from FLIP at the time of their deployment. (Note that the rela-
tive position of OBS Judy with respect to FLIP in this figure is more accurate than that shown in Figure
I.1). Both the positions and times of detonation of these ocean bottom charges are listed in the following
table.

Times and Locations of the 60-1b Explosive Charges on the Ocean Bottom

All positions are referenced to 34° N, 125° W,
Times of detonation are in local Pacific Daylight Time; add 7 hours to get GMT.

Time of Date Swallow Float NAVSAT Loran-C Range, Bearing Comments
Detonation Record on Sproul on Sproul from FLIP
13:00 9-18 1527 58.15’, 58.60/ -- 1.35km, 173° felt
14:30 9-18 1647 58.00",57.82" 58.00%,57.33°  2.00 km, 160° not felt
12:00 9-19 - 5799, 58.13" 58.02°,57.41"  2.09 km, 160° not felt
15:00 9-19 - 57.98’,57.72" 58.08,57.27  2.00 km, 154° felt
16:00 9-19 - 58.21°,57.62" 57.93°,57.08° 2.30km, 157° not felt

Note that only the first two explosions were scheduled to detonate during the recording period of the
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Swallow floats, which ended aroun® 19.00, 18 September. These two detonation times correspond to
Swallow float records 1527 and 1647, respectively. Note also that only the first and fourth detonations
were felt on board the Sproul and FLIP. However, the floats recorded an arrival (actually a series of
arrivals corresponding to the direct path, the surface bounce path, the surface-to-bottom-to-float path, the
surface-to-bottom-to-surface-to-float path, and possibly even two-bottom-bounce phases) at exactly the
expected time of arrival from the second explosive charge. Plots of Swallow float time series showing these
phases are presented and discussed in Section X.

¢) HLF 3 Source Deployed from De Steiger

An HLF 3 source was deployed at 150 meters depth from the De Steiger, another ship involved in
the larger experiment. This ship was located to the west of R/P FLIP’s position during the Swallow float
deployment. The following table lists the starting times and the duration of transmission of the 11-Hz, 16-
Hz, 21-Hz, and 22-Hz monotones broadcast by the source. Other tones, 27 Hz, 41 Hz, 56 Hz, 81 Hz, 98
Hz, 115 Hz, 135 Hz, and 159 Hz, werc also transmitted, but they were outside the Swallow float frequency
band of 0.5 to 25 Hz. The transmission starting times at the D¢ Steiger have been corrected to iucal Pacific
Daylight time at FLIP by adding one hour. Also listed are the corresponding Swallow float record intervals
which have been corrected for the transit time from the De Steiger to FLIP.

Starting Times and Duration for In-Band Frequencies from HLF 3 Source
Times are in local Pacific Daylight Time; add 7 hours to get GMT.
Frequency  Starting Transmission  Duration Swallow Float OBS

(Hz) Time (Date) (sec) Record Interval  Event
16 18:54:25 (9-17) 1200 94-120 --
11 19:17:25 (9-17) 1200 125-151 --
21 20:11:25 (9-17) 1200 197-223 -
16 22:52:25(9-17) 1200 412-438 --
11 23:15:25(9-17) 1200 442-468 --
21 00:07:25 (9-18) 3600 512-591 --
16 07:31:55 (9-18) 3600 1104-1183 -
11 08:35:25 (9-18) 3600 1189-1268 -
22 10:34:25 (9-18) 1200 1348-1374 -
16 13:15:25 (9-18) 1200 1562-1588 --
11 13:38:25 (9-18) 1200 1593-1619 -
22 15:02:25 (9-18) 1200 1705-1731 902
16 17:48:25 (9-18) 1200 1926-1952 --
11 ' 18:11:25 (9-18) 1200 1957-1983 905

An HX 90 source deployed from the Narragansctt was also used in the larger experiment, but it was not
broadcasting during the Swallow float recording period.

d) Seismic Profiler

A seismic profiler used in 2 geophysical survey conducted on the Monterey Fan by Chevron was
deployed intermittently during the larger VLA experiment. A log of the profiler deployment times and
locations was obtained from Chevron in order 1o aid in the interpretation of the VLA data. According to
their log, the profiler was not operating from about 16:30, 15 September to about 17:30, 19 September.
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Also, according to a verbal communication between Chevron and one of the parties involved in the larger
experiment, the profiler had malfunctioned and was in port from 15 September to the night of 18 Sep-
tember. However, characteristic seismic profiler signals were recorded during much of the Swallow float
deployment (re Section IX). The intervals in the Swallow float data in which the profiler appears to be
operating are given in the following table.

Time Periods when the Seismic Profiler appears in the Swallow Float Data

Times are in local Pacific Daylight Time; add 7 hours to get GMT.

Swallow Float .

Record Interval Time Date
470 - 640 23:48 - 01:55 17-18 Sept
670 - 810 02:17 - 04:03 18 Sept

1130 - 1310 08:02-10:18 18 Sept
1520 - end 12:55 - 19:00 18 Sept

Either the Chevron seismic profiler was operating during this time and this information was not logged pos-
sibly because it was undergoing testing, or another seismic profiler was operating. The United States Coast
Guard’s Local Notice to Mariners for the week of 16 September lists five other geophysical surveys being
conducted during this period. Whether these surveys involved the use of a seismic profiler is unknown.

The Chevron seismic profiler generates a 30 Hz pulse every 11 1o 12 seconds. Each pulse contains
acoustic energy from about 10 Hz up to 200 Hz. Their profiler typically operates for 75 to 110 minutes and
then is quiet for 75 minutes. Refer to Scction X for plots of the time series during the recording of the
seismic profiler signals.




III. Swallow Float Log Summary

Note: All times are in local Pacific Daylight Time. To obtain standard Greenwich Mean Time, add 7
hours. Note also that most ship positions in this log were obtained from a NAVSAT rc ceiver on board the
Sproul and should be corrected using the intermittent range and bearing position fixes from FLIP along
with the GPS-determined FLIP positions.

15 September 1987

04:30 Depart Nimitz Marine Facility
23:45 Arrive at Port Hueneme to pick up explosives.

16 September 1987

00:30 Depart Port Hueneme. Greenish blue bioluminescing organisms are disturbed by the passage
of the ship. Ship speed increasing to 9.0 knots.

20:15 Ship comes to all stop so that OBS Judy (# 8) can be removed from the OBS van. It will not
be deployed since its tape formatter computer card is malfunctioning. Bring OBS Janice (# 9)
into the OBS van to begin checkout procedure.

17 September 1987
12:20 The radio beacon wirc on float 10, used for shorting out the antenna, became disconnected

some time since the last radio check. Wire is re-attached.
16:14 Ship’s position is 34° 58.42" N, 125° 59.67" W, speed is 8.4 knots and heading is 297° mag-

netic.

16:27 Ship’s position is 34° 58.54’ N, 125° 58.57° W, speed is 0.7 knots and heading is 339° mag-
netic.

16:50 OBS Janice is deployed. Ship’s position is 34° 58.78" N, 125° 58.64° W.

17:15 Begin checkout of Swallow floats. The resistance of float 2’s sca shunt is 85 Q rather than 100
Q.

17:55 Start all floats synchronously.

18:27 Deploy float 8. Ship location is 34° 58.70° N, 125°58.45"W.

18:33 Deploy float 7. Ship location is 34° 58.73’ N, 125° 58.46’ W.

18:36 Float 6’s ballast breaks off in initial attempt to deploy it. It will be repaired later.
18:39 Deploy float 5. Ship location is 34° 58.76" N, 125° 58.47° W.

18:42 Deploy float 4. Ship location is 34° 58.77' N, 125° 58.47° W.

18:46 Deploy float 3. The float is not sinking. Ship location is 34° 58.79"N, 125° 58.48’ W.
18:52 Deploy float 2. Ship location is 34° 58.84° N, 125° 58.50° W.

18:55 Deploy float 1. Ship location is 34° 58.87° N, 125° 58.50° W.

19:02 Deploy float 0. Ship location is 34° 58.90° N, 125° 58.51' W.

19:03 Float 1 is not responding to the acoustic transpond command issued from the Sproul. The float
may have been hit by the ship’s prop.

19:08 Remove poleducer from water in order to retrieve float 3 which is not sinking.

19:20 Recover float 3. Its flasher support is broken and one of the extemnal cables is cut. Float was

probably hit by the ship’s prop.
19:25 Begin to rc-atach float 6’s batlast.
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19:45 Deploy float 6. Ship location is 34° 59.13’ N, 125° 58.54' W.

19:59 All floats in the water except float 1 respond to acoustic transpond command.

20:05 Underway to deploy float 9.

20:23 Attaching ballast to float 3. The float was possibly resynchronized when checking resistances.

20:44 Deploy float 9. Ship location is 34° 59.69’ N, 125° 56.42° W. Range and bearing to FLIP:
2.14 nmiles, 066° magnetic.

20:56 Underway to deploy float 3.

21:31 Redeploy float 3. A nylon guy wire attached to the float’s radio beacon antenna was snapped
off in deployment. Ship location is 34° 58.84' N, 125° 58.82° W.

21:40 Underway to deploy float 10.

22:07 Deploy float 10. Ship location is 34° 59.85' N, 125° 59.88" W. Range and bearing to FLIP:
1.5 nmiles, 130° magnetic.

22:15 Underway to deploy float 11.

22:48 Deploy float 11. Ship location is 34° 57.14’ N, 125° 58.25" W. Range and bearing to FLIP:
2.15 nmiles, 351° magnetic.

22:53 Underway for survey position A.

23:13 The OBS group reports that OBS Judy (#8) appears to be operating properly. It will be
deployed tomorrow morning before the explosives are detonated.

23:18 Ship engines stop in order 1o coast into survey position A.

23:20 Ship location is 34° 59.10' N, 125° 57.26” W. Ship heading is 334.9° magnetic and the speed
is 1.3 knots.

23:23 Begin to head towards survey position B conducting a Swallow float range survey. Ship loca-
tion is 34° 59.14" N, 125°57.27' W.

23:25 Ship location is 34° 59.17" N, 125° 57.27° W,

23:28 Ship location is 34° 59.22" N, 125°57.33' W,

23:32 Ship speed is 1.7 knots. Ship location is 34° 59.37° N, 125° 5744’ W,

23:41 Ship location is 34° 59.55" N, 125° 57.57' W,

23:50 Ship speed is 1.1 knots. Ship location is 34° 59.72" N, 125° 57.71’ W.

18 September 1987

00:02 Heading to survey position C. Ship speed is 2.4 knots. Continuing to perform float range sur-
veys.

00:13 Ship location is 34° 59.31’ N, 125°57.74’ W,

00:23 Ship location is 34° 59.23" N, 125° 58.24’ W. Some animal is whistling into the poleducer.

00:26 Ship location is 34° 59.21° N, 125° 58.40° W,

00:45 Determine range to float 11, Ship location is 34° 59.08’ N, 125°59.25" W.

00:52 Scientific party goes to bed. The bridge will continue to record ship’s position during the
night. Ship location is 34° 58.98’ N, 125° 59.57' W.

01:30 Ship location is 34° 55.52" N, 125° 58.78’ W,

02:00 Ship location is 34° 52.40° N, 125° 58.63° W,

02:30 Ship location is 34° 49.17" N, 125° 58.70° W,

03:00 Ship location is 34° 49.96" N, 125° 59.79’ W,

03:30 Ship location is 34°48.92" N, 126° 00.45" W.




03:59
05:00
05:30
06:00
06:30
07:00
07:30

07:51

08:02

08:16

08:31

08:47

08:51
09:20

09:24
09:30
09:38
10:15
10:18
10:20

10:55

11:32

11:59

12:00

12:08

12:24

13:00

13:06
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Ship location is 34° 47.90" N, 125°59.16" W.
Ship location is 34° 48.11"N, 125° 58.33' W.
Ship location is 34° 48.75" N, 125° 58.22' W.
Ship location is 34° 48.10" N, 125° 56.57° W.
Ship location is 34° 49.48" N, 125°56.17° W.
Ship location is 34° 48.91' N, 125° 55.00° W.

The ship is underway back to the array location. Ship location is 34° 5045 N, 125° 54.53’
Ww.

Scientific party retumns to lab. Ship’s heading is 346° magnetic and speed is 6.8 knots. Ship
location is 34° 51.51’ N, 125° 56.86" W.

Ship’s speed and heading are 6.5 knots and 338° magnetic. Ship location is 34° 52.64' N,
125°57.29° W,

Ship’s speed and heading are 6.4 knots and 337° magnetic. Ship location is 34° 54.66’ N,
125°56.53' W.

Ship’s speed and heading are 6.9 knots and 338° magnetic. Ship location is 34° 56.31" N,
125°57.39° W.

Ship’s speed and heading are 7.0 knots and 328° magnetic. Ship location is 34° 57.92" N,
125° 57.99° W.

Ship is coasting to all stop.

Ship’s speed and heading are 2.9 knots and 328° magnetic. Ship location is 34° 58.76" N,
125° 58.73' W,

Boston whaler launches from FLIP and heads towards the Sproul.
Boston whaler docks with the Sproul in order to exchange packages.
Boston whaler has returned to FLIP,

The P-3 aircraft passes over the Sproul.

Ship is dead in the water. Ship location is 34° 58.14’ N, 125° 58.44’ W,

The bridge reports that the P-3 aircraft deployed two sets of two sonobuoys. Range and bear-
ing from FLIP are 0.75 nmiles and 245° magnetic.

The first shot is put into the water. It is 61 Ibs of explosives packed into a plastic milk case. It
is set to detonate at 13:00. Ship is dead in the water. The range and bearing from FLIP are
0.73 nmiles and 173.5° magnetic. Ship location is 34° 58.15’ N, 125° 58.60’ W.

The OBS Judy (# 8) is deployed. The range and bearing from FLIP are (.59 nmiles and 154°
magnetic. Ship location is 34° 58.46’ N, 125° 58.63' W.

The ship’s speed and heading are 0.4 knots and 320° magnetic. Ship location is 34° 58.03’ N,
125° 58.35' W.

FLIP’s Loran-C position is 34° 58.93’ N, 125° 57.84° W. A P-3 aircraft passes over-head
sometime around noon. ‘

Begin a range survey of the Swallow floats.

Finish the range survey. All floats respond to the acoustic commands except float 1. The

ship’s speed and heading are 0.2 knots and 334° magnetic. Ship location is 34° 57,93’ N,
125°57.78° W.

The first explosive detonation is felt at 3 seconds after the hour. Note that the OBSs are pro-
grammed to record 3 minutes of data every half-hour, starting at the half-hour mark.

Deploy the second 61-1b explosive charge. It is set to detonate at 14:30. The range and bear-
ing from FLIP are 1.08 nmilcs and 160° magnetic. Ship location is 34° 58.00° N, 125° 57.82°
W,
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13:15 The ship is underway to the south; its spced and heading are 8.9 knots and 154° magnetic.
Ship location is 34° 57.86" N, 125° 57.68° W.

14:00 The ship is still underway to the south; its speed and heading are 8.7 knots and 167° magnetic.
Ship location is 34° 51.07° N, 125°56.33' W,

14:30 The second charge, set to detonate at 14:30, apparently never exploded.

17:00 The ship is returning to survey position A. It spent the afternoon about 10 nmiles and a bear-
ing of 170° from FLIP. Ship location is 34° 49.35' N, 125° 54.85' W.

17:50 The ship’s speed and heading are 5.8 knots and 343° magnetic. Ship location is 34° 53.52°N,
125° 56.09° W.

18:30 The Sproul has four fixed blades on its prop. The reduction gear ratio is 5.17 : 1. At a 9-knot
speed, the engines are rotating at about 1800 rpm. The captain thinks there is an approxi-
mately linear relationship between the engine rpm and the ship speed. The ship’s speed and
heading are 5.8 knots and 342° magnectic. Ship location is 34° 57.20° N, 125° 57.68’ W.

18:54 The ship slows as it approaches survey position A.

19:02 The ship begins to travel towards survey position B with the poleducer in the water. Begin
range survey of the floats. Ship’s speed and heading are 0.4 knots and 320°. Ship location is
34°58.99°N, 125°57.04° W.

19:17 Ship location is 34° 59.56" N, 125° §7.52' W.

19:32 Ship turns towards survey position C; ship speed is 2.3 knots. Continue Swallow float range
survey. Ship location is 35° 00.21° N, 125° 57.88° W.

20:00 Ship location is 34° 58.59° N, 125° 58.99° W,

20:22 Ship Icave survey position C and heads toward estimated position of float 0. The ship will
remain about a half mile to the south of FLIP,

20:34 The ship slows down from about 6.7 knots to 0.7 knots. Ship location is 34° 58.08" N, 125°
58.11' W.

20:38 The ship is increasing speed to about 4.1 knots. Ship location is 34° 58.14° N, 125° 58.12° W.

20:45 The ship’s specd and heading are 1.0 knots and 065° magnetic. Ship location is 34° 58.31’N,
125° 58.36" W.

21:00 Range and bearing from FLIP are 0.9 nmiles and 310° magnetic.

21:04 Release float 0.

21:51 Release float 2.

22:10 Recover float 0. Its program is still running, Ship location is 34° 58.76’ N, 125° 56.31" W.

22:41 Release float 3.

23:22 Recover float 2. Its program is still running. Ship location is 34° 58.98° N, 125° 56.48’ W.

23.37 Release float 4.

19 September 1987

00:10 Release float 5.

00:25 Recover float 3. Its program is still running. Ship location is 34° 58.73' N, 125° 57.01’ W,

00:31 Sproul begins revving its engines. Ship’s speed and heading are 5.8 knots and 213° magnetic.
Ship location is 34° 58.60° N, 125° 57.05' W,

00:47 Sproul stops revving its engines,

01:05 Release float 6.

02:18 Recover float 4. Its program is still running. Ship location is 34° 58.87° N, 125° 56.64’ W.




02:33
03:01
04:42

05:07

05:29
05:30
06:15
06:27

06:39
07:15
08:16
10:09

10:59

12:00

12:27

13:32

14:08

14:34

15:00
16:00

18:27

20:12
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Release float 7.
Release float 8.

Recover float 5. Its program is still running. Only float S did not have its resident ballast
inside the glass sphere during this deployment. Ship location is 34° 58.27° N, 125° 57.83' W.

Recover float 1. Its program is still running. The float was listing severely to one side because
the localization hydrophone was apparently hit by the ship’s prop during deployment and was
slung over the top of the float. The localization hydrophone has a large dent on one side. The
listing of the float caused the float’s radio frequency transmitter 1o be intermittently in and out
of the water when the float was on the ocean surface. Ship location is 34° 58.52° N, 125°
56.12° W.

Recover float 6. Its program is still running. Ship location is 34° 57.96" N, 125° 56.92° W.
Recover float 7. Its program is still running. Ship location is 34° 57.96’ N, 125° 56.92' W.
Release float 9.

Ship’s speed is slowing from 8.1 knots as float 8 is approached. Ship’s heading is 167° mag-
netic. Ship location is 34° 58.12" N, 125° 57.40' W.

Recover float 8. Its program is still running. Ship location is 34° 57.66" N, 125° 57.64’ W.
Release float 10.
Release fioat 11.

A 60-Ib charge oi explosives (shot #3) is deployed. It is set to detonate at 12:00. Range and
bearing from FLIP are 1.13 nmiles and 160° magnetic. Ship location is 34° 57.99° N, 125°
5813’ W,

Recover float 9. Its program is still running. Ship location is 34° 59.75" N, 125° 55.90° W.

Shot #3, set to detonate at noon, apparently did not explode. Note that float 9°s radio beacon
appcars to be intermittent. It may possibly be due to a malfunctioning RF receiver.

Recover float 10. Its program is still running. Ship location is 34° 59.55" N, 125° 59.75° W.

Another 60 Ibs of explosives (shot #4) is deployed. It is set to detonate at 15:00. The range
and bearing from FLIP are 1.08 nmiles and 154° magnetic. Ship location is 34° 57.98" N,
125°57.72' W.

Recover float 11. Its program is still running. Ship location is 34° 56.92' N, 125° 57.53' W.

The last 60-1b charge is deployed. It is set 10 detonate at 16:00. The range and bearing from
FLIP are 1.24 nmiles and 157° magnetic. Ship location is 34° 58.21’ N, 125° 57.62° W.

Shot #4 is felt aboard the Sproul at 4 seconds after the hour.

Shot #5 appears to not have detonated. The ship heads to the deployment locations of the two
ocean bottom seismometers to begin recall.

The first OBS is recovered. The ship’ position, as recorded by the bridge, is 34° 58.65" N,
125°57.84° W.

The second OBS is recovered. The ship® position, as recorded by the bridge, is 34° 58.44' N,
125° 57.17 W. Begin to make prcparations to get underway for San Diego.
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IV. Environmental Data

a) XBT Data from R/P FLIP

Two expendable bathythermographs (XBT), a model T-4 (which goes to a maximum depth of just
over 400 m) and a model T-7 (which goes to 700 m), were deployed each day of the larger experiment
from R/P FLIP. These temperature data were used zlong with historical salinity data [9] and an empirical
equation relating sound speed to temperature, salinity, and depth [10] to calculate sound velocity profiles.
Shown in Figure IV.1 are the sound speed profiles calculated from a T-4 temperature profile measured at
06:00, 18 September (XBT 31 in the FLIP XBT log) and a T-7 profile taken at 20:00, 18 September (XBT
32 in the FLIP XBT log). The T-7 XBT deployed at 20:00, 17 September did not provide useable data.
For comparision, a sound speed profile extending to 4000 m calculated from National Oceanographic Data
Center historical data [8] taken in an area just east of our study site is also plotted. The XBT data show a
warmer mixed layer in the uppermost few hundred meters and a possibly smaller sound speed in the sound
channel than the historical data. The XBT data also show a significant amount of fine structure which is
smeared out in the averaged historical data.

b) CTD Data from De Steiger

As part of the larger experiment, conductivity-temperature-depth (CTD) profiles were collected
intermittently (at least one per day) from the De Steiger. Towards the end o: the larger experiment, the De
Sieiger came within a few kilometers of FLIP to broadcast calibration signals to the vertical line array [1].
The data from a deep (almost 3900 m) CTD cast taken just prior to the calibration tests on 24 September
(one week after the Swallow float deployment) were converted into a sound speed profile and are plotted in
Figure IV.2. Also plotted for comparison is the historical sound speed profile from Figure IV.1. The
features indicated by the XBTs, a warmer mixed layer and a smaller sound speed at the sound channel axis
are also shown by the CTD data. The deviation of the two profiles below 2500 meters is due to a differ-
ence in the depth dependence in the two empirical equations used to calculate the sound velocity.

¢) Anemometer Readings from R/P FLIP and R/V Sproul

Wind speed and direction, measured by the anemometer on board FLIP, were recorded approxi-
mately every hour in the scientific log. Figure IV.3 is a plot of these data for the 48 hours encompassing
the Swallow float deployment period. For comparison, the anemometer readings recorded every two hours
in the Sproul’s ship log are plotted in Figure IV.4. Note that the wind vectors, starting at the dashed line in
the plots, points in the direction the wind is blowing from. The vertical axis provides the scale to determine
the wind velocity magnitude in m/sec.

These wind data show somewhat different features than those taken during other Swallow float
deployments. In those other deployments, which were all due west of San Diego [3,4,5], the wind was
blowing mainly from the west northwest, rather than from due north and north northeast as in this deploy-
ment. The average wind speed of about 6 m/sec (12 knots) (as measured on FLIP) is, however, about the
same as that in the April, 1987 and August, 1988 experiments. (The wind speed was just less than 9 knots
in the May, 1987 experiment).

A comparison of these two wind vector plots show that the wind speeds recorded on FLIP were gen-
erally a few m/sec slower than those recorded on the Sproul. This difference is contrary to that expected
from a difference in anemometer height on the two vessels; the anemometer on the Sproul is about 10
meters above the water line, whereas it is approximately 18 meters above the water on FLIP. The measure-
ments on FLIP are possibly of highcr quality since the readings aboard the Sproul are many times taken
whilc the ship is underway and must therefore be corrected for the ship’s motion by the crew. The diurnal
minimum in wind speed seen around 08:00 (32 hours and 56 hours) in the Sproul data is not obvious in the
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FLIP data.

d) Additional Environmental Data

A large volume of environmental information in addition to those mentioned above were collected as
part of the larger experiment. Expendible sound velocimeters (XSV) were deployed every 20 nautical
miles from the Narragansett as it transitted between FLIP and the De Steiger, air-launched expendible
sound velocimeters (AXSV) and bathythermographs (AXBT) were dropped by a P-3 aircraft during the
experiment, data from current meters deployed at 43 m and 90 m from FLIP were recorded, and satellite
images, one per week, of the sea surface temperature were obtained. Also, basic weather information were
concurrently gathered on board the Sproul, on FLIP, on the De Steiger, and on the Narragansett. These
additional data include estimates of the swell height and direction, sea state, air temperature, and
barometric pressure. During the Swallow float deployment, the swell was 2-4 meters from the north, the
sea state decreased from rough to slight/moderate or from sea state 34 to sea state 2, the air temperature
was 15° to 18° C, and the barometric pressure increased from 29.95 inches to 30.05 inches of mercury. To
supplement the ocean wave data, wave hindcasts, which are made every 12 hours on a 2.5° spherical grid
by the Fleet Numerical Oceanography Center in Monterey, may be obtained,

Finally, the locations of commercial ships were surveyed by radar on board FLIP and the Sproul. No
other ships were sighted during the Swallow float deployment. The information collected by ship surveys
conducted on board the P-3 aircraft appear to have been lost. Additional commercial ship position infor-
mation can be obtained from the Fleet Numerical Oceanography Center (FNOC) in Monterey. The FNOC
ship position data base is estimated to be about 60 to 75 % complete [Greg Schwaller of SAIC, private
communication].
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V. Initial Indication of Data Integrity

a) Swallow Float Data

After being synchronously started (and spending about a half second in performing an initialization),
each float begins to accumulate data into a temporary buffer. Once 44 seconds of data have been accumu-
lated, they are written to cassette tape during a one-second period in which no data are gathered by the
float. This 45-second cycle, called a record, is repeated until the cassette tape is filled. Each record is com-
posed of 7646 bytes. Appendix 1 contains a description of the record format. Each float has sufficient
cassette tape capacity to store up to 2100 records, equivalent to 26 hours of data.

The first step in the data analysis of the Swallow floats is to scan all the floats’ cassette tapes with a
general screening program. This program checks each record for the proper location of resynchronization
characters and the proper sum of byte values in a group prior to a checksum. The output from the screen-
ing program is given in Figure V.1. The cassette-tape-reading program attaches a zero-byte record with the
same internal record number as the last record on the cassette tape onto the end of each float’s data file; this
allows the number of intemal records to be determined. For example, float 0's last-written record was
internal record number 1983. (The record number listed in the left-most column is assigned by the screen-
ing program itself). Since the intemnal record number begins with record 0, float 0 wrote 1984 records onto
tape.

The number of errors detected by the screening program is slightly higher than in other Swallow float
deployments [3,4,5]. Floats 2 and 6 in particular recorded a larger-than-normal percentage of bad records.
The majority of float 6’s screening failures occurred between external record numbers 490 1o 499 and 1427
to 1463; those for float 2 showed no such clustering. However, the total number of records which failed
the screening test was only 0.5 %! In addition, the greatest source of lost data in past deployments [3,4]
was due to floats which quit recording prematurely or which could not be synchronously started properly.
In this deployment, all 12 floats which were taken on the trip were deployed and all recorded full data
tapes! Therefore, 99.5 % of the potential number of records which could have been recorded by 12 prop-
erly functioning floats were recorded and passed the screening test.

Although all of the Swallow floats are nearly identical in construction, the design of the experiment
possibly resulted in a unique aspect being imparted to a given float. In addition, as in all deployments,
unexpected events occur which may affect a float’s data. The following table is a listing of some of the
unique aspects of given floats in this deployment.

Unique Aspects of a Given Float in the September, 1987 Experiment

Float Comments

1 The 8 kHz hydrophone was struck
by the ship’s prop during deploy-
ment and was destroyed. It caused
the float to list severely to one side,
apparently in a direction coincident
with the geophone’s y axis.

2 The sea shunt resistance was 85
ohms instead of the normal 100
ohms before deployment.
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3 The float did not sink upon initial
deployment. Its flasher was broken
and one external cable was cut.
After repairs, it was re-deployed
during which its radio antenna guy
wire snapped off.

5 This was the only float which did
not have its resident ballast inside
its glass sphere.

6 Its releasable ballast fell off during
initial deployment.

7 It was equipped with an extra,
expendable weight attached to a
corrodable pin in order to speed its
descent to depth. However, the pin
broke during deployment.

8 It was equipped with an extra,
expendable weight attached to a
corrodatle pin in order to speed its

descent to depth.

9 Its radio beacon appeared to inter-
mittently malfunction during float
recovery.

3,7-11 Floats equipped with "noisy”
cassette tape recorders (re Section
X1.d of [5]).

b) FLIP Vertical Line Array Data

The 120 channels of the vertical line array are divided into 12 sections of 10 channels each. Each
section has its own processor which performs the A/D conversion, ransmits the data, etc. A buffer of data
is composed of 64 sampled points from each of the 120 channels. The data within a buffer are sequentially
ordered according to section as they are transmitted up to the magnetic tape recording sysiem aboard FLIP
and each section data block is followed by its processor identification number. A screening program
checks, among other things, that the processor ID number recorded on magnetic tape agrees with the
expected value of the processor ID number in order to get some idea of the data integrity. The output from
this screening program for the 9-minute periods of data (corresponding to 4220 buffers) extracted from
tapes 433, 440, 442, 447, and 453 is shown in Figures V.2a and V.2b. The 12 columns in each table asso-
ciated with a given tape number represent the 12 sections; information for the deepest section is contained
in column 1 and that for the shaliowest is in column 12. Each of the 19 or 20 rows correspond roughly to a
half minute of data on the tape. For example, on tape 433, in roughly the first half minute of data in the 9-
minute period, the ninth processor’s data had 85 processor ID errors. The screcning results show that the
sixth section (the sixth column in the table) usually contains the greatest number of processor ID errors and
that the data on tape 433 from the upper half of the array may be somewhat suspect. Note that the upper-
most section of the array, corresponding to column 12 in the tables, did not collect useable data during the
Swallow float deployment.
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V1. Swallow Float Battery Voltage, Float Heading, and AGC Level

The battery voltage, the compass reading, and the automatic gain control (AGC) level, measured
once during each 45-second record, are plotted in Figures VI.1 through VI1.12 for all Swallow floats. The
plots are ordered according to the floats’ deployment depths, from the shallowest (float 0) to the deepest
(bottom floats 9, 10, and 11).

a) Battery Voltage

As shown in the uppermost plot in the figures, the battery level for all floats remained constant at
slightly more than 6 volts. The duration of the floats’ deployment is therefore determined not by their
power supply requirements, but by their recording capacity.

b) Float Heading

Installed on the inside of cach of the Swallow float glass spheres, at the sphere’s south pole, is a
compass (re Figure 1) for determining the orientation of the horizontal components of the float’s geophone
with respect to magnetic north. The compass heading during each 45-second record is shown in the middle
plot of Figures VI.1 through VI.12. After being put into the water, the floats typically underwent rapid
rotations as they descended. Once the midwater floats stabilized at depth, they twisted back and forth at a
characteristic period of between 25 minutes to an hour. The twisting is believed to be caused by internal
waves. Note that float 1°s compass reading remained constant at 155°. This is a result of the severe listing
of the float (re Sections V, VII, and IX); the compass can only tolerate a maximum tilt of 3° from horizon-
tal before sticking. Note also that float 8’s compass heading appears to have continued to undergo rela-
tively rapid oscillations throughout the whole period after the float released from the ocean bottom around
record 1065 (re Section VII). As obscrved in other deployments [3,4,5], the midwater floats’ headings
appeared to stabilize at about 300° ncar the end of the experiment (float 2's heading is a possible excep-
tion). The force responsible for this asymptotic approach to 300° magnetic is believed 10 be due o the
interaction of a small, intrinsic magnetic field of the float (possibly due to the permanent magnets inside the
geophone’s components) with the earth’s magnetic ficld.

The three bottom-mounted floats, floats 9, 10, and 11, were tethered to the bottom by 4.57-meter cot-
ton lines; their compass headings usually remained approximately constant or varied slowly due to the con-
straining effects of the tether and the prevailing ocean current. However, at certain times, e.g. for float 9
just after record 600, between records 1400 and 1600, and around record 1800, the heading changed
significantly over a short period of time. Concurrently, the AGC level shown in the lower plot (and dis-
cussed in the next part of this section) increased to non-zero values. These periods of large changes in the
bottom floats’ heading, with associated increases in the AGC level, are thought to be caused by changes in
the prevailing ocean current, with a resulting decrease in tether contamination.

¢) AGC Level

The AGC is a variable gain amplifier, with a range of 0 to 25 dB gain, which allows the full dynamic
range of the eight-bit A/D converter to be used. The AGC gain always changes by a 0.5 dB step between
records. After a five-second delay in the record, if more than 1 % of the points sampled on all geophone
components are clipped, then the AGC decreases by 0.5 dB. Otherwise, it increases. Because of the slow
adjustment time of the AGC gain, amplitude information for large impulsive arrivals cannot be obtained.

The bottom plot in each figure shows the automatic gain control (AGC) level during every 45-second
record. The first point of note is that the maximum AGC levels appear to increase slightly with increasing
depth of the float. The following table shows the approximate average maximum AGC level for each of
the floats (excluding float 1 because of its loss in geophone sensitivity due to its listing to one side, float 8




-18-

because it never reached stable equilibrium, and bottom floats 10 and 11 since their AGC level is dom-
inated throughout the deployment by tether effects).

Average of Maximum AGC Level for each Float in September, 1987 Experiment

Float Average of Maximum AGC (dB)

85
9.0
10.5
9.5
11.5
10.0
12.5
13.5

VNN dWwNNo

Some of these differences in maximum AGC gain may be due to differences in the floats’ geophone chan-
nel sensitivity. Although the variation in sensitivity has not yet been measured directly, it is probably no
more than +1 dB.

The details of the midwater floats” AGC level plots afier the floats stabilized at depth are remarkably
similar. Therefore, the following discussion, which refers to float 0’s AGC level plot, will pertain to all
midwater floats’ plots. In Figure V1.1, float 0’s AGC level begins to increase starting around record 270 as
the float reached its equilibrium depth. At record 470, is decreases rapidly to zero and remains there until
record 640. This period from record 470 to 640 of rclatively high sound levels, as well as the periods from
records 664 to 800, 1134 to 1306, and starting at record 1536, are all due to the operation of the seismic
profiler (re Sections I1d, IX, and X).

Only the dip in AGC levels starting at about record 878 and lasting until record 894 is unexplained
by the seismic profiler signals. This dip may have been partially the result of the arrival of the T phase
from a body wave magnitude 4.7 earthquake in the Fox Islands in the Aleutian Islands. From the "Prelim-
inary Determination of Epicenters” [11], the origin time of the event was 04:12:46.7 (local Pacific Daylight
Time), 18 September, and the epicentral coordinates were 53.549° N, 167.369° W. The epicentral distance
from the earthquake to the Swallow float array is estimated to be 34.3°, and, using an average group velo-
city of 1.5 km/sec for the T phase, the arrival time is predicted to be 04:55:06, local time. This time
corresponds to Swallow float record 880, which agrees quite well with the beginning of the AGC decrease.
Time series recorded by a Swallow float at this time are presented in Section X. Note, however, that the
long duration (over 10 minutes) of decreasing AGC levels does not appear to be explainable solely in terms
of a single T phase arrival (re Section IX).

During the periods of seismic profiler operation, float 1’s AGC level increased intermittently when
other floats’ levels remained low. Since this float was listing to one side so that its y axis geophone was
apparently up against its stop, these periods of AGC increase may represent times when the float rotated so
that its y axis geophone was aligned with the direction from the float to the profiler. Since float 1's com-
pass was stuck during the deployment, this hypothesis can not be tested.
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VII. Swallow Float 8 kHz Surface and Bottom Bounce Data

Each Swallow float possesses an 8 kHz hydrophone suspended 1.83 m below its glass sphere (see
Figure 1). The source strength of the hydrophone is 192 dB re 1 pPa at 1 meter. The floats periodically
transmit and receive 10 msec acoustic pulses in order 1o measure interfloat and float-to-surface acoustic
travel times. The floats normally transmit 10 seconds after the beginning of each 45 second period and
since the floats ping in turn, a given float in this expcriment pinged once every 12 records, i.e. once every
9 minutes. The single exception was float 1 which did not transmit at all as the result of a broken 8 kHz
hydmphone (re Figure VI1.2).

Figures VII.1 through VII.12 show each float’s detection of its own 8kHz pulses. The vertical axes
in the figures have been scaled from travel time to depth (using half of 1500 m/s) so that float depth is indi-
cated by the leading edge of pulses propagated from the float to the ocean surface and back. The horizontal
axes are in units of record number, and may be converted 1o elapsed time after float synchronization using
the conversion factor of 80 records per hour. A line of 15 very faint dots descending from 0 range across
the plot are discemnible in some of the figures, e.g. Figure VIL.2. They are an artifact and should be
ignored.

The general features of these plots have been discussed extensively elsewhere [3,4,5]. Following an
arrival at 0 depth, which corresponds to the detection of the outgoing 8 kHz ping and its reflection off the
float’s glass sphere, the shallower floats first detect the arrival of the reflection off the underside of the air-
sea interface and then the reflection off the ocean bottom. For those floats whose equilibrium depth exceeds
half the total water depth (floats 7, 8, 9, 10, and 11), the order of arrival of these two pulses is reversed. The
bottom-bounce phase can, in those cascs where the float depth is near half the water depth, make the
identification of the first surface-bounce detection difficult. Some of the floats, e.g. float 0 (Figure VIL.1),
detect additional phases; the surface-to-bottom-to-float phasc whose time of arrival can be used as a meas-
ure of the total water depth, an- the surface-to-bottom-to-surface-to-float phase (at about 5200 m in Figure
VIL1).

Note that the number of detections immediately following the O depth arrival is greatest when the
floats are at shallow depth and decrease as the floats descend. Two reasons for this change in the number
of detections with depth have previously been given; that a decrease with depth in the number of 8 kHz
scatterers in the water column occurs, and that the frequency of resonance, or ringing, of the Swallow float
glass sphere shifts away from 8 kHz as the float descends because of the change with temperature of the
sound speed in the air enclosed by the sphere. A third possible explanation is that the 8 kHz hydrophone
may decrcase in sensitivity with depth (due o an increase in pressure or decrease in temperature). Evi-
dence for this hypothesis is provided by the fact that float 0, the shallowest float, detects both the greatest
number of arrivals after 0 depth and also the greatest number of multi-bounce phases.

Thesc data contain some features unique to this deployment. Float 0 detected an arrival, starting at
about record 500 in Figure VIIL.1, whose "depth” increased from 900 meters to almost 3600 meters (i.e., its
range from float 0 increased from 1800 m to 7200 m) over the duration of the experiment. This may be the
reflection of float 0’s 8 kHz pulse from the body of FLIP. Also, float 6 appears to be detecting the reflection
off an object at close range around record 600 and records 1200 to 1400 in Figure VIL.7. This may be the
reflection from another float’s glass shell. Float 8 was equipped with an extra weight attached to a corrod-
able pin in order to speed its descent to its planned cquilibrium depth of 2800 meters. However, the cor-
rodable pin took much longer than expected to break, and, as a result, float 8 sat on the ocean bottom from
just before record 500 until record 1065 (Figure VIL.9). It still had not quite reached its equilibrium depth
by the end of the recording period. Finally, bottom-mounted float 10 detected an unusual set of approxi-
mately three separate arrivals between the "depths” of 300 m and 600 m (i.e., ranges of 600 m to 1200 m).
The arrival times of these anomalous detcctions remained constant over the duration of the experiment.
They may represent the reflection off some unknown topographic feature near float 10’s deployment posi-
tion,

The surface reflection data of the bottom-mounted floats allow the total water depth 10 be easily
determined. Accounting for the 4.57-metcr-long tcther attached to bottom floats 9, 10, and 11, and using
an average sound speed of 1500 m/sec, the water depth has been calculated and is listed in the following
table.
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Total Water Depth at the Bottom Swallow Float Deployment Sites

Range, Bearing from FLIP

Float at Deployment Water Depth
8 0.30 km, 145 deg 4670 m
9 4.00 km, 066 deg 4668 m
10 2.78 km, 309 deg 4668 m

11 3.71 km, 172 deg 4660 m
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VIII. Swallow Float 8 kHz Interelement Range Data

Figures VIII.1 through VIII.12 contain the record of pulses transmitted by one float and received by
another. The vertical axes have been scaled from travel time to range using 1500 m/s for the speed of
sound, and the horizontal axes are time in units of Swallow float record number (80 records are written
each hour). These 110 plots are provided in order to aid in the future localization of the floats in this
deployment.

The general features of these plots have been discussed in the other trip reports [3,4,5) and so will
not be repeated here. The plots involving float 8 (c.g., Figures VIII.Ba through VIIL8j), however, are
unique due to the unusual behavior of this float in the experiment. The merging of the direct and bottom-
bounce interfloat arrivals as float 8 reached the bottom, and the subsequent divergence of these phases as
the float ascended in the water column, in addition to the surface reflection, create the appearance of these
plots. Note the gaps in the detection of the direct arrivals between floats which are near, or on, the ocean
bottom; this is due to the shadow cast by the upward-refracting sound speed profile.
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IX. Swallow Float RMS Velocity

In order to quickly scan the geophone data of all floats, the root mean squared velocity was calcu-
lated for all channels and are plotied in Figures IX.1 through IX.12. These RMS velocity time series have
been corrected for the AGC gain, but arc otherwise uncalibrated; the vertical axis is in units of volts at the
A/D converter. (Refer to Appendix 1 for a block diagram of the geophone data acquisition system). Each
RMS level value results from taking the square root of the average of the squared amplitude levels over a
five second (or 250 point) period. Since each record is 2250 points long (which equals 45 seconds since
the data sampling rate is S0 Hz), then nine RMS values are calculated for each record. The RMS value for
the last five-second period of each record includes one second of zeros. The one second of zeros represents
the time during which no data is sampled while data in a temporary buffer is being written to cassette tape.

Most of the following discussion will refer to float 0’s RMS velocity plots in Figures IX.1a through
IX.1j; the plots for the other midwater floats are quite similar.

Aspects of these plots are common to all Swallow float deployments. For example, the upward-
curving part of the RMS plot over the first 25 records is due 10 the initial decrease of the AGC gain to 0
from its start-up value of 12 dB. Float 0 was deployed around record 80 and this is clearly indicated by the
change in RMS levels at that time. It settled into stable equilibrium somewhat after record 275, as can be
secn by the asymptotically decreasing RMS levels on the horizontal geophone axes. The spikes in the z
axis data every 12 records, seen clearly after record 125, are the result of float 0’s 8 kHz localization ping.
Another source of contamination in some floats’ data, e.g. float 3’s data in Figures IX.4a through IX 4j, is
the large impulse imparted to the float by the action of the cassette tape recorder. This causes a spike to
occur once every record in the plots. In addition, data record drop-outs can be seen in float 0's data at
about records 668, 1562, 1645, 1741, and 1767. These bad records were identified in the initial data
screening discussed in Section V (re Figure V.1a).

A number of interesting features occur in the data. The operation of the seismic profiler is clearly
indicated by a rapid oscillation with time in the horizontal geophone axes’ RMS levels, between records
470 to 640, 670 to 310, 1130 1o 1310, and 1520 to the end. The high frequency of the oscillations are due
to the seismic profiler repetition rate (a pulse every 11-12 sec) in comparison with the RMS averaging
interval of 5 sec. The change with time in the peak RMS levels from the seismic profiler on a given hor-
izontal axis is partially due to float rotation; in many cases, a decrcase on one horizontal axis corresponds
to an increasc on the other. Variability in levels may also be due to motion of the profiler.

The arrival identified as the T phase from an earthquake in the Fox Islands of the Aleutian Island
chain (re Section VI) occurs record 879 (04:53 local time, 18 September). Subsequent arrivals which are
not part of the T phase occur in records 884, 889, and 890. They may be associated with aftershocks from
the main earthquake or may have some completcly different source(s). A plot of the T phase time scries
recorded by float 0’s geophone is given in the next section.

The detonation of the first explosive charge (re Section ITb) appears in record 1527. Surprisingly, an
arrival corresponding to the time of the second charge, which was believed to have failed since it was not
felt aboard the Sproul or FLIP, occurs in record 1648, just after the data gap in record 1645 in float 0's
data. Swallow float time series recorded during the arrival of both of these explosions are given in the next
section.

A number of as yet unidentified arrivals can be seen in float 0’s RMS velocity plots. Some of these
RMS velocity peaks probably correspond to Sproul-generated noise. The following table lists the
occurrence times of several of these arrivals,
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Times of Large Peaks of Unknown Origin

in the Swallow Float RMS Velocity Plots

Record Local Time (Date)
336 22:07 (9-17)
347 22:15(9-17)
373 22:35(9-17)
377 22:38 (9-17)
529 00:32 (9-18)
589 01:17 (9-18)
605 01:29 (9-18)
634 01:50 (9-18)
635 01:51 (9-18)
756 03:22 (9-18)
884 04:58 (9-18)
889 05:02 (9-18)
890 05:03 (9-18)
1462 12:12 (9-18)
1551 13:18 (9-18)
1641 14:26 (9-18)
1654 14:36 (9-18)
1658 14:39 (9-18)
1742 15:42 (9-18)
1895 17:36 (9-18)

The RMS peaks listed in the table above are presumably of an acoustic nature since they can be seen
in most (if not all) of the floats’ data. However, a spike in record 1935 (18:06, 18 September) in float 0’s
data does not correspond to a spike in the other floats’ data. It may have been caused by float 0 issuing an
8 kHz range survey ping upon acoustic command from the Sproul since it occurred near the end of the
Swallow float recording period. However, the ship was returning to the array deployment site at a speed of
6 knots at this time and the 8 kHz hydrophone on board the Sproul is not deployed during ship speeds
greater than a few knots. The spike therefore is possibly non-acoustic in nature.

An interesting set of small amplitude spikes appear intermittently in float 0’s z axis RMS velocity
plots; from records 215 to 310, 640 to 670, 950 1o 1030, and 1330 1o 1450. They may be present at other
times (e.g., records 480 to 500), but they’re readily identified only during times when the seismic profiler is
not operating. The spikes occur in blocks of 10 to 12 records (7-9 minutes) duration, separated by quies-
cent periods of 3 to 4 records (2-3 minutes). These arrivals may be associated with sounds generated by
whales [12]. A further discussion of this issuc is given in the next section, where time series of these
"clicks” are presented.

The RMS velocity plots for float 8 (Figures IX.9) show that during its stay on the bottom, its data
were contaminated. This was probably caused by the rocking of the float at the end of its 8 kHz hydro-
phone cable; the float itself was probably sufficiently buoyant to remain off the bottom with only its 8 kHz
hydrophone resting on the sediment. A sudden jump in RMS levels occurred in record 1064 as the float’s
corrodable pin broke and the float began to ascend in the water column. The float’s geophone did not begin
to collect useable acoustic data until after record 1400, judging from the z axis RMS levels.

Figures IX.10 through IX.12 show the RMS velocity plots for the bottom-mounted floats 9, 10, and
11. As can be seen from these plots, these floats’ geophone data are contaminated by tether effects for
much of the time after they reached the ocean bottom. However, at certain times, and on certain geophone
components, useful information can be obtained. Most notable are the set of float 9°s data from records
675 to 725 (02:21 to 02:59, 18 September) and 1425 to 1600 (11:44 to 13:55, 18 September); data from all
three of its geophone components appear uscable during these times. Float 9°s z axis also records the




arrival of the first two 60-1b explosions in records 1526 and 1647.




-25.

X. Geophone and Hydrophone Time Series

a) Swallow Float Data

Selected time series recorded by the Swallow float geophones, corrected for the AGC level but other-
wise uncalibrated, are presented in this section. Each figure shows the time series recorded by a given
float’s component over a 12-record (9 minute) period; the record numbers are given on the left hand side of
the plot. The horizontal axes are in units of seconds, from O to 45 seconds, after the beginning of the
record. The exception to this presentation are Figures X.5.1a through X.5.1c showing the stacked time
series from the detonation of the first explosive charge. In these figures, the left-hand number is the Swal-
low float number and the horizontal axis varies from 0 to 60 seconds, rather than from 0 to 45 seconds.
The geophone data are sampled at 50 Hz {re Appendix 1), so that 2200 points from each channel are col-
lected in the 44 seconds of each record (the 45th second of the record is made up of 50 zeros). Only every
other sampled point is plotted. The scale of the plots’ vertical axis in volts is given at the top of each

figure.

The time periods selected for plotting are;

Record
Sequence

Swallow Float Geophone Time Series

Local Time
(18 Sept)

Floats

Comments

Figure
Numbers

875 - 886

04:51 - 05:00

0

The Fox Islands
earthquake T phase
arrival.

X.1

1100 - 1111

07:40 - 07:49

0-7

16 Hz line from De
Steiger; time of
recording of VLA
tape 433.

X2

1380 - 1391

11:10- 11:19

0-7,9

Half-second clicks
in the data.

X3

1450 - 1461

12:02-12:11

0-9

Range survey
pings; time of
recording of VLA
tape 442,

X4

1526 - 1527

13:00

0-7,9,11

Stacked time series
showing 1 min of
Ist explosion
amival; seismic
profiler.

X.5.1

1523 - 1534

12:57 - 13:06

9%z), 11(z)

12 records writien
by the botiom
floats’ vertical geo-
phone which
encompass the 1st
explosion amival.

X.52

1543 - 1554

13:12-13:21

Unknown arrival in
record 1551;
seismic profiler.

X.6

1640 - 1651
1648 - 1659

14:25 - 14:40

Armrivals from 2nd
explosion; unk-
nown amivals in
records 1641, 1653,
1657, seismic
profiler.

X.7
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1800 - 1811  16:25-16:34 0 Time of recording X.8
of OBS event 904
and VLA tape 453;
seismic profiler.

The figures for this section are presented and discussed in chronological order. Features which are typical
of these plots - e.g., the contamination of the geophone time series, especially the z axis time series, by the
8 kHz localization ping 10 seconds into every 12th record, and the tape-recorder-induced motion at the
beginning of each record - have been discussed in the other trip reports [3,4,5]. In interpreting the plots for
a given float from this deployment, it is important to note any of the float’s special features (e.g., whether it
is equipped with a "noisy” or "quiet" cassette tape recorder), listed in the table in Section V.

1) Records 875 - 886; T Phase Armrival

As mentioned in Sections VIc and IX, the Swallow floats detected a large amplitude signal starting
about record 879 (04:54, 18 September). It has tentatively been identified as the T phase arrival from a
body wave magnitude 4.7 earthquake in the Fox Islands in the Aleutian Island chain. The T phase is that
portion of the seismic energy which gets coupled into (by downslope conversion), and propagates within,
the deep ocean sound channel. Figures X.1.1a through X.1.1c show a 12-record sequence (9 minutes)
encompassing the arrival time of this phase. The September, 1987 issuc of the "Preliminary Determination
of Epicenters” [11] gives the origin time of the event as 04:12:46.7 (local Pacific Daylight Time), 18 Sep-
tember, and the epicentral location as 53.549° N, 167.369° W. The epicentral distance, A, from the earth-
quake to the Swallow float array can be calculated using the formula;

A = cos~1{cos(8; )cos(0, )cos(d, Jcos(d,) + cos(, )cos(6, )sin(¢, )sin(¢, ) + sin(8; )sin(6, )}

where the latitude and longitude of the source are 8, and ¢, and the latitude, longitude of the receiver are
0, and ¢,. The linear distancc along the great circle path on the carth’s surface is R A, where R is the
earth’s radius. From this formula, A is estimated to be 34.3°, and, using an average group velocity of 1.5
km/sec for the T phase, the arrival time is predicted to be 04:55:06, local time. This time corresponds to
Swallow float record 880, which agrees quite well with the first record in Figures X.1.1a through X.1.1c in
which full saturation has occurred.

In all four Swallow float deployments in 1987 and 1988, arrivals from earthquakes have been
identified. Therefore, as standard practice, the "Preliminary Determination of Epicenters” listing for the
month of a given Swallow float experiment are obtained and scanned for interesting events. Interesting
earthquakes include not only those with large magnitudes, but also those occurring along the Pacific rim,
especially in the Aleutian Islands; these are most often the source of large amplitude T phases. No effort
has yet been made to determine exactly how many of the earthquakes in the listings have visible arrivals in
the Swallow float data. However, T phases from earthquakes in the Aleutian Islands with body wave mag-
nitudes as small as 4.4 have been identificd.

The vertical line array data recorded during the Fox Islands T phase arrival is presently being beam-
formed and will be presented at a later date.

Note that after the 3.5-t0-4 minute period of the T phase arrival is completed, another arrival appears
in records 884 1o 885. This may be the T phase from an aftershock of the Fox Islands earthquake. Since
both of these signals cause clipping in the Swallow float geophone system, amplitude information is lost.
In addition, since clipping results in a distortion of the autospectrum, the frequency content of the two
arrivals cannot be compared. However, futurc analysis of the VLA data during this time may allow the
second large arrival to be classified.

The 8 kHz localization ping issued by float 0 occurs 10 seconds after the beginning of record 876 in
the z axis time series in Figure X.1.1c. Other one-second pulses separated by about 25 seconds also
appear. These "clicks” will be discussed below in reference to the time series from records 1380 1o 1391.

2) Records 1100 - 1111; Listing of Float 1

The time series for records 1100 to 1111 from floats O through 7 are shown in Figures X.2.1 through
X.2.8. The floats on the ocean bottom, floats 8 through 11, were contaminated by tether effects during this
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time and are not presented. The differences between the various floats’ time series recorded near the start
of a record are caused by whether or not a given float is equipped with a "noisy" cassette tape recorder; in
these figures, floats 3 and 7 had noisy tape recorders (re the table in Section V and the discussion in Section
X1.d of reference [5]). Because of this contamination, the first 3 seconds of data in each record are skipped
in the calculation of the Swallow float spectral estimates presented in the next section. Tape-recorder-
induced float rocking is the 2-3 second period oscillation seen most clearly in float 7°s y axis data (Figure
X.2.8b).

The occurrence of the localization ping in the z axis data appears in increasing record number in
sequence with the float number, starting with record 1104 for float 0 (Figure X.2.1c), as the floats took
turns issuing the 8 kHz ping. (Recall that float 1’s localization hydrophone was destroyed during deploy-
ment).

For the properly functioning floats 0 and 2 through 7, the vertical axis noise levels are, in general,
about 3 times smaller than the horizontal axes’ levels. Because float 1 listed severely to one side, its verti-
cal geophone was not completely vertical, and it recorded higher noise levels (re Figure X.2.2b) than the
other floats’ vertical geophones. In addition, its y axis was up against its stop during all except the loudest
signals. Since laboratory tests have shown that the geophones can withstand a tilt of up to about 15°, float
1 must have listed by an amount greater than this angle. The autospectra estimated from float 1’s y axis
data agree quite well with geophone channel self noise measured in the laboratory below about 15 Hz. A
spectral comparison will be presented in the next section.

An arrival of unknown source occurs in records 1100 to 1101. It is recorded predominantly on the
horizontal axes and its amplitude decays with decreasing depth of the float.

3) Records 1380 - 1391; Whale(?) Clicks

Time series recorded during 11:10 to 11:19, 18 September, i.e., records 1380 to 1391, are shown next
in Figures X.3.1 through X.3.9. These time series were plotted because of the unusual set of small ampli-
tude spikes appearing in some of the z axis RMS velocity plots (c.g., Figure IX.1g). The figures clearly
show the cause of the RMS velocity spikes; the vertical axis geophone data contain "clicks” which are 0.5
to 1.0 second in duration and arc separated by 24 to 30 seconds. (Note that the recording of the 8 kHz
localization ping should not be confused with the clicks). A gap of over 1.5 minutes in click arrivals
occurs between the second click in record 1387 and the click in 1391, in accordance with the gaps of 2 to 3
minutes in the vertical component RMS velocity plots in Section IX.

The click arrivals in float 0 and 1’s data appear to be longer than a half-second, but are actually com-
posed of two arrivals. These two closely-spaced arrivals separate in time in the data recorded by decper
floats. Upon close examination, the second arrival of the pair can be seen to be a phase-reversed replica of
the first arrival (e.g., the pair in record 1391 of float 2's z axis data in Figure X.3.3c). Therefore, the first
arrival of the pair is the direct-path phase and the sccond is the surface-bounce phase. The following table
lists the measured separation time in the vertical geophone time series between the two phases.

Separation Times of Direct and Surface-Bounce Phases
of the Half-Second Clicks in Records 1380-1391

Float Separation Time (sec)
0 -
1 -
2 0.6
3 08
4 1.0
5 1.2
6 1.3
7 1.5
9 3.0
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If the horizontal range from the unknown source(s) to each of the floats was equal, the data above could be
used to determine the range and depth of the source(s). The actual armrival time of a given click pair cannot
be used easily in a preliminary look at the data 1o determine the source(s) positions because not only are the
floats’ horizontal positions unknown, but their internal clocks drift on the order of a second over 24 hours.
However, the fact that the click arrivals appear to decrease in amplitude on all three geophone components
as the float depth increases, at least below float 2, suggests a relatively shallow source. The fact that the
click pair separate in time as the float depth increases suggests that the source range and depth are on the
same order as the depth of the Swallow float array. These clicks have many of the same characteristics as
the signals associated with finback whales [12]. They are of much shorter duration than the 15-t0-20-
second whale-associated signals recorded in the August, 1988 sea trip [S].

The second click in record 1386 is embedded within, or is closely followed by, a long-duration
arrival which resulted in clipping on one or both of the floats’ horizontal geophone components. Since
float 6’s x component was clipped by the arrival, but its y axis did not appear to detect it (Figures X.3.7a
and X.3.7b), and the float’s compass heading at this time was about 235° magnetic (Figure V1.7), then the
source of this arrival was either to the northwest or the southeast of float 6. Float 6’s time series also con-
tain an unusual signal in record 1382. None of the other floats show a corresponding arrival at this time.
Because it seems to be non-acoustic in nature, its onset was impulsive, and it set the float into rocking, it
may have resulted from a small form of sea life colliding with the float.

4) Records 1450 - 1461; Range Survey Pings

Records 1450 through 1461, which were recorded at the same time as the data on VLA tape 442, are
plotted in Figures X.4.1 through X.4.10. At 12:09, a range survey of the floats was started. A range survey
involves the transmission, from a hydrophone suspended from the R/V Sproul, of an acoustic command
coded for a specific float. The specified float then responds with an 8 kHz pulse which is five times longer
in duration than the floats’ localization ping. The recording of the response pulses of float 0 occur in its
records 1458 and 1459. The beginning of float 2's response pulse occurs at the very end of record 1460,
the response puise from fioat 3 appears in record 1461, and float 4’s response is recorded at the very end of
record 1461. Possible whale-generated clicks occur intermittently in these time series (e.g. records 1451,
1452, 1459, and 1460). Float 8 and 9’s data, especially the horizontal components, are contaminated by
tether effects, but both floats’ vertical axes data show some evidence of click arrivals.

5) Records 1526 - 1527; 1st Explosion and Seismic Profiler

One minute of Swallow float geophone time series, composed of the last 15 seconds of record 1526
and the whole of record 1527, is presented in Figures X.5.1a through X.5.1c. It which shows the arrival of
the first 60-1b explosion. The floats’ time series are ordered by increasing depth of float from the top to the
bottom in the figures. Little information except the arrival time can be obtained because the loud arrival
saturated the front-end geophone electronics. Even float 1's y axis geophone, up against its stop because of
the severe float listing, was driven into saturation by the first arrivals (the direct and the surface-bounce
paths) and it recorded about 20 seconds of signal thereafter. The Swallow float data acquisition system
adapts in gain at a very slow rate of 0.5 dB every 45 seconds and is thcrefore poorly designed for the
recording of loud, impulsive events.

The arrival time of this ocean bottom explosion does not strictly increase as the float depth decrcases.
This is because both the horizontal range from the charge to a float varies and the floats’ intemmal clocks
drift with respect to one another about an avcrage of 0.5 seconds in 24 hours.

Once the geophone data acquisition systcm was no longer saturated, the seismic profiler signal, com-
posed of 3.5-second pulses every 11 seconds, dominated the time series, particularly on the horizontal axes.
Note that float 0’s x axis barely detects the profiler signal, but the float’s y axis is fully clipped by it. During
this time, float 0's hecading was almost 0° magnetic, implying that the profiler was located either to the
south or to the north of the float.

The sound from the explosion appears to have sct fleats 2 and 4 into rocking, as scen by the 2.5-to-
3-second oscillations on their horizontal axes. This occurs as a result of the torque applied about the float’s
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center of mass by the acoustic wave arrival. Such a torque is possible since a float’s center of mass is dis-
placed from its center of buoyancy in order to provide float stability in the vertical direction. The rocking
motion is mechanically amplified on the geophone by the displacement of the geophone from the center of
mass. Why only these two floats were set into a rocking motion remains unclear.

A few interesting features of the later arrivals from the detonation can be seen in the time series. The
pair of pulses in float 3’s vertical axis data at about 33 to 35 seconds are separated by 1.8 seconds. The first
of the pair followed a path which bounced off the surface five times and the ocean bottom five times. The
1.8 seconds is the time necessary to travel from the float depth of about 1300 meters to the surface and
back and so the second pulse of the pair interacted with the surface six times and the bottom five times.
Pairs of pulses which traveled shorter paths can be identified by measuring backwards in time in steps of
6.2 seconds, the round-trip travel time from bottom to surface. (The first pulse of the third pair of arrivals is
missing because of the half-second gap between records 1526 and 1527).

The vertical axes’ time series of bottom floats 9 and 11 show an oscillatory tail which lasts for the
full minute of data plotted in Figure X.5.1c. These oscillations, especially those recorded by float 11, are
apparently not caused by tether effects as can be seen from these floats’ twelve-record (9 minute)
sequences in Figures X.5.2a and X.5.2b which encompass the charge arrival. The oscillations vary in fre-
quency from 1 to about 1.5 Hz, with the lower frequencies tending to arrive before the higher frequencies.
The frequency content, the change in frequency content with time, and the long duration of the oscillatory
tail correspond to the properties of Scholte waves, sediment-waveguide-trapped seismic energy [13]. Also,
Scholte waves are rather heavily attenuated with range [13]; float 11 was closer to the explosion than float
9 and its Scholte wave amplitude is greater than that recorded by float 9. A time series recorded by OBS
Judy’s vertical axis geophone of the fourth explosion on 19 September (re Section ILb) is provided in Fig-
ure X.12.1a for comparison. Note that the OBS geophone measures sediment motion whereas the bottom
Swallow floats measure water-column motion. The bottom-mounted floats in this experiment were teth-
ered to the bottom by 4.57-meter lines.

6) Records 1543 - 1554, 1640 - 1659; Unknown Arrivals and 2nd Explosion

The next three sets of time series plots, records 1543 to 1554 recorded by float 0 (Figures X.6.1), and
records 1640 to 1651 (Figures X.7.1) and 1648 1o 1659 (Figures X.7.2) recorded by float 2, are presented
because they contain large arrivals of unknown origin (re the table in Section IX). These arrivals occur in
records 1551, 1641, 1654, and 1658 and are most predominant on the horizontal axes where they result in
clipping. This is evidence that these signals have traveled from long range in the deep sound channel.
Further investigation may allow the sources of these signals 1o be identified.

An interesting set of arrival pairs occurs in record 1648, most clearly recorded on float 2's z axis
(Figures X.7.1c or Figures X.7.2¢). The source of these arrivals is the detonation of the second explosive
charge which was not felt aboard the R/V Sproul or R/P FLIP. The first pair is the direct and the surface-
bounce phases, the second pair is the surface-to-bottom-to-float phase followed by the surface-to-bottom-
to-surface-to-float phase, and the barely-visible third pair, occurring just after 15 seconds into record 1648,
is the pair which interacted with the ocean bottom twice. This detonation is of much lower amplitude than
the first detonation discussed previously, even though both charges contained the same amount of explo-
sives. Obviously, this charge only partially detonated.

7) Records 1800 -1811

Finally, in Figures X.8.1a through X.8.1c are plotted the time series recorded by float 0 at the same
time in which OBS event 904 (re part b of this section for a discussion of these time series) and VLA tape
453 (re part c of this section) were written. The seismic profiler signal is clearly the dominant feature in
these time series, in contrast to the OBS time serics from event 904.

b) Ocean Bottom Seismometer Data
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The time series recorded by OBS Judy’s four channels, three channels of geophone data and a single
channel of hydrophone data, are presented in this section. All six events which were written while the
Swallow floats were recording, events 901 through 906, have been plotted in Figures X.9 through X.11. In
addition, in Figure X.12, the time series recorded on the OBS vertical geophone component on 19 Sep-
tember during the fourth explosion has been provided by Dr. Dorman’s group. The following table lists the
OBS event number, the local time, the corresponding Swallow float record numbers, and the figure
numbers for these time series plots.

OBS Judy Time Series
Local Time Swallow Float Figure
Event (18 Sept) Records Comments Numbers

901 15:00 - 15:03 1687 - 1690 -- X9
902 15:30 - 15:33 1727 - 1730 22 Hz line from De X9

Steiger.
903 16:00 - 16:03 1767 - 1770 Anomalous spike in X.10

z axis data.

904 16:30 - 16:33 1807 - 1810 Anomalous spike in X.10
z axis data; time of
recording of VLA

tape 453.
905 18:30 - 18:33 1967 - 1970 11 Hz line from De X.11
Steiger.
906 19:00 - 19:03 2007 - 2010 Anomalous spike in X.11
2z axis data.
Unknown  15:00 - 15:01 - One minute of X.12
(19 Sept) vertical geophone

component  data
recorded during the
fourth  explosion
arrival.

Each plot in Figures X.9 through X.11 shows the time serics recorded by a given component over two adja-
cent 3-minute events; the event numbers are given on the left hand side of the plots. The horizontal axis is
in units of seconds, from 0 to 45 seconds, in order to be consistent with the Swallow float time series plots.
Note 